Background--The mechanisms behind the association of atrial fibrillation (AF) and dementia are unknown. We previously found a significantly increased risk of dementia in AF patients taking warfarin with a low percentage of time in therapeutic range. The purpose of this study was to determine the extent to which AF itself increases dementia risk, in addition to long-term anticoagulation exposure.
A trial fibrillation (AF) is the most common sustained cardiac arrhythmia, with incidence rates that are growing dramatically with population aging. 1, 2 Many other chronic disorders of aging are also increasing, such as dementia. Dementia is a neurological disorder that impairs memory and other cognitive abilities. 3, 4 Alzheimer disease (AD) is the most common type of dementia and represents 70% of all cases. Dementia is now listed among the leading causes of morbidity and mortality in developed countries. 5 We previously reported that AF is independently associated with all types of dementia, including AD. Contrary to our initial expectations in studying 2 diseases that increase with aging, the disease association was most prominent in the younger AF patients (<70 years old, hazard ratio [HR] 2.30; 70-79 years, HR 1.07; 80-89 years, HR 0.81). 3 In subsequent analysis by de Brujin and colleagues, 6 the question of whether AF raises risk of dementia was studied. In this analysis of 6514 patients, the authors found a significantly increased risk of dementia in those patients with AF (HR 1.23) that persisted even when censoring for incident stroke. Similar to our study, the authors found the highest risk in the younger group with an HR of 1.81 for those <67 years old compared with 1.12 for those >65 years old.
We hypothesized that if dementia was in the spectrum of cerebral injuries of stroke and hemorrhage, its etiology may arise from micro rather than macro events. An association between quality of management of warfarin therapy, as assessed by time in therapeutic range (TTR), and dementia has been reported by our team and others. 7, 8 We also found that the risk of dementia in AF patients who also require antiplatelet therapy is increased incrementally by time spent with a supratherapeutic INR. 9 These studies suggest that anticoagulation treatment strategy and efficacy affect dementia risk. What is unclear is whether the presence of AF increases dementia beyond the treatment strategy. As such, we undertook a study to look at the risk of dementia in patients managed on a long-term basis with warfarin for both AF and non-AF indications. The study objectives were 2-fold. First, we sought to examine dementia risk based on warfarin efficacy in patients treated with long-term therapy for both AF and non-AF indications. Second, we sought to determine if AF increased dementia risk beyond that observed based on anticoagulation efficacy.
Methods
The study was a retrospective design involving chronically anticoagulated patients receiving warfarin (target INR 2-3) and managed by the Intermountain Healthcare (Salt Lake City, UT) Clinical Pharmacist Anticoagulation Service (CPAS). The institutional review board reviewed and approved the study as a minimal risk observational study, and individual patient consent requirement was waived. Patients with no history of dementia at time of CPAS enrollment were studied. Chronically anticoagulated patients for both AF and non-AF indications were included. CPAS is a dedicated anticoagulation management service that uses a standardized algorithmic approach to warfarin dose adjustment as we have previously described. 10, 11 Patients were included if they ≥18 years of age and received >1 INR measurement under CPAS supervision. The referring physician determined the indication of warfarin and long-term needs. The Intermountain Healthcare Urban Central Institutional Review Board approved this study.
Baseline demographics and characteristics were abstracted from the medical record by using International Classification of Diseases Revisions 9 and 10 (ICD-9 and -10) codes at the time of CPAS enrollment. Patients with a history of dementia before CPAS referral were excluded. A history of dementia was determined by ICD-9 and -10 codes as well as the screening visit with the CPAS clinic that is used to evaluate patients for warfarin candidacy and to provide targeted drug education. In this visit, broad cognitive capacity is considered as a factor for candidacy. The extracted clinical variables were based on inpatient and outpatient clinical visits and included age, hypertension, diabetes, hyperlipidemia, renal failure, smoking history, prior myocardial infarction or cerebrovascular accident, and heart failure. These data were extracted from a comprehensive electronic medical recordthat serves as a repository of clinical notes, laboratory results, and radiology studies and allows for clinical charting and real-time messaging. Included in the extracted data was use of medications (HMG-CoA reductase inhibitors [statins], angiotensin-converting enzyme inhibitors or angiotensin type II receptor blockers, b-blockers, and diuretics). Medication use prior to ("pre") and any time after initiation of anticoagulation management by CPAS ("post") were documented. Patients were determined to have AF based on ICD-9 code 427.31 and ICD-10 codes I48.0, I48.1, I48.2, and I48.91 and through review of the systemwide electrocardiogram database that includes ambulatory monitors. INR measurements were obtained as per clinical algorithm and at the discretion of the attending clinician. TTR was defined as the number of days with an INR between 2 and 3 divided by the total number of days. This number was then multiplied by 100 to determine the percent TTR and was stratified into the following categories: >75%, 51% to 75%, 26% to 50%, and ≤25%.
The primary outcome was a composite of dementia subtypes defined by neurologist-entered ICD-9 codes (290-294, 331) and ICD-10 codes (F01-F03, G30). The secondary end points were specific dementia subtype classification (vascular, senile, or AD). By limiting dementia diagnosis to only ICD codes entered by neurologists, we hoped to minimize misclassification. In an earlier study of >1000 patients with cranial or magnetic resonance imaging classified with dementia by this method, diagnostic accuracy was 87%. 3 Death was determined by medical records, state of Utah death certificates, and the Social Security death master file. Patients were censored at dementia diagnosis, death, or last known contact date. Patients not listed as deceased in any registry were considered to be alive.
The Student t test, the v 2 statistic, and Fisher's exact test were used to characterize the population. Continuous variables were described as meanAESD, and discrete variables were described as frequencies. A propensity analysis was performed to minimize variance in confounding baseline characteristics. To estimate the propensity score, a logistic regression model was used in which anticoagulation use was regressed on the baseline characteristics. Patients were then matched 1:1 on propensity score (AE0.01) and index date (AE6 months). Multivariable Cox hazard regression (SPSS, version 21.0) was used to determine dementia incidence by percentage categories of TTR. Covariables included baseline risk factors that were documented either at or before the index (baseline) date. All of the baseline risk factors listed in Table 1 were included in the multivariable model and predated the end points. Final models retained only significant (P<0.05) and confounding (10% change in HR) covariables. Kaplan-Meier survival curves and the log rank test were used to estimate survival rates free of dementia. Two-tailed P-values of <0.05 were designated to be nominally significant. 
Results
The general population referred for warfarin management by CPAS, without a prior history of dementia, included 10 537 patients (Table 1) . Of these patients, 4460 patients received warfarin for AF, 209 patients received warfarin for mechanical valvular heart disease, and 5868 patients received warfarin for thromboembolism. Patients treated with anticoagulation because of AF were older and higher rates of hypertension, diabetes, and stroke. Patients who received anticoagulation for AF or prosthetic valvular heart disease were more likely to have heart failure and ischemic heart disease compared with those treated for thromboembolism. Follow-up duration for the AF group was 2293.6AE1536.1 (median 2021.5) days, compared with 3079.7AE1171.8 (median 3010.0) days for the valve group and 2936.4AE1663.4 (median 2653.0) days for the thromboembolism group (P<0.0001). Incident dementia rates at last follow-up are shown in Table 2 for AF versus non-AF indication. All types of dementia were increased in the AF indication group compared with the non-AF indication group with a multivariate adjusted HR of 1.59 (P<0.0001). Specifically, total dementia (5.8% versus 1.6%, P<0.0001) and senile (2.0% versus 0.6%, P<0.0001), vascular (1.0% versus 0.2%, P<0.0001), and Alzheimer dementia (2.8% versus 0.9%, P<0.0001) were all higher in the AF indication group versus the non-AF indication group.
The TTR in the AF (≤25, n=419; 26-50, n=767; 51-75, n=1989; >75, n=1285) and the non-AF indication (≤25, n=708; 26-50, n=1076; 51-75, n=2461; >75, n=1880) groups were compared to determine impact on dementia risk. In the AF indication group, the multivariate adjusted risk for dementia was incrementally higher as TTR worsened (51-75% versus >75%: HR=1.30, P=0.10; 26-50% versus >75%: HR=1.57, P=0.02; ≤25% versus >75%: HR=1.92, P=0.005). A similar pattern was seen in the non-AF indication group (51-75% versus >75%: HR=1.57, P=0.13; 26-50% versus >75%: HR=2.69, P=0.002; ≤25% versus >75%: HR=3.87, P<0.0001) ( Figure 1A and 1B) . No significant interaction (P-interaction=0.58) was found between TTR and the presence of AF. Within the TTR categories, we further explored INR variability. Overall median INR variability decreased with percent time TTR increase (≤25: 2.35; 26-50%: 1.79; 51-75%: 1.17; ≥75%: 0.92; P≤0.0001). This variability trend was seen in the both the AF and non-AF groups, with more variability in all TTR categories in the non-AF group (≤25: 2.61; 26-50%: 1.92; 51-75%: 1.30; ≥75%: 1.07; P≤0.0001) versus the AF group (≤25: 1.90; 26-50%: 1.58; 51-75%: 1.02; ≥75%: 0.73; P≤0.0001).
Given the broad variances in baseline demographics between anticoagulation indication groups, a secondary propensity analysis of 6030 patients was performed. The baseline demographics of this population are shown in Table 2 , displayed to highlight the frequencies of known cardiovascular disease states associated with dementia. The propensity analysis produced similarly matched populations, which is reflected by having no significant differences in baseline characteristics between the groups. Incident dementia rates remained significantly elevated in the AF indication group (Table 3 ). There was 3-fold increase in dementia in the AF group compared with the non-AF indication group.
After multivariate adjustment, all forms of dementia remained significantly increased in the AF group compared with the non-AF group (Figure 2 ). The survival free curve for total dementia ( Figure 3A ) and for AD ( Figure 3B ) showed an increased risk of dementia in the AF group that continued to increase with time.
Discussion
There are several important clinical findings in this study. First, among patients receiving long-term warfarin, AF patients have more baseline risk factors for dementia (eg, hypertension, diabetes, prior stroke) than do non-AF patients. Regardless of warfarin indication (AF versus non-AF), the efficacy of therapy is strongly associated with dementia, with lower percent TTR patients having the highest dementia risk. AF patients experience much higher rates of all forms of dementia, including AD, compared with patients managed with long-term warfarin without AF. Dementia risk in AF patients persisted even when differences in baseline variables were accounted for through a propensity analysis. One of the most feared complications of AF is disabling stroke. The majority of strokes in patients with AF are macroembolic and are thought to originate from the left atrial appendage. Patients with AF tend to have larger strokes at older ages and as a consequence are at particular risk for cognitive decline that is associated with significant functional deficit and dependency. 12 Anticoagulation is the frontline therapy for stroke prevention with vitamin K antagonists such as warfarin, which is the most common agent used worldwide. However, long-term anticoagulation exposure raises the risk of intracranial bleeding. Unfortunately, risk of stroke and bleed increases in AF patients with aging and acquisition of coexistent cardiovascular risk factors such as high blood pressure, diabetes, and prior stroke. 13 These evolving risks present a challenging situation with a therapy used to reduce embolic cerebral ischemic events that increases risk of hemorrhagic cerebral ischemic events. This study highlights a significant potential cognitive risk with long-term anticoagulation exposure, regardless of underlying disease that prompted initiation of the therapy, in those patients who have consistently poor precision in achieving target serum drug levels. Dementia risk should be considered as a potential long-term complication with warfarin anticoagulation exposure. This risk consideration is particularly important in light of recently updated consensus guidelines that have recommended anticoagulation in AF patients with a CHADS 2 /CHADS 2 -VASc ([congestive heart failure, blood pressure consistently above 140/90 mm Hg or treated hypertension on medication, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism]-[vascular disease (eg, peripheral artery disease, myocardial infarction, aortic plaque), age 65-74 years, female sex]) score of ≥1 rather than ≥2.
14 These recommendations were made based on risk of stroke versus risk of major bleed. However, as noted in this study, macro organ injury is just one part of the spectrum of risk. Inclusion of patients with lower CHADS 2 scores often leads to both earlier and broader exposure to anticoagulation and thereby may increase dementia risk unintentionally. This study is supportive of our hypothesis that AF is independently associated with an increase dementia risk beyond that attributed to anticoagulation. There are several potential explanations why AF may further increase risk. First, long-term anticoagulation in patients for thromboembolism would likely expose these patients to cerebral ischemic events primarily as a result of micro and macro bleeds. AF stems from unique risk factors and is associated with a risk of both macro and micro emboli from the left atrium/appendage, as well as from other vascular sources that raise the risk of AF genesis. In addition, long-term anticoagulation is recommended in most AF patients and, when initiated, it is with lifetime duration intent unless it becomes contraindicated. As such, AF patients share the risks of all chronically anticoagulated patients but also have additive risk from embolic events.
There are also many other potential mechanisms in addition to anticoagulation efficacy that may explain the augmented risk of dementia in AF patients. AF patients can have marked irregularity of the RR intervals that can result in relative periods of low perfusion coupled with a decrease in cardiac efficacy from loss of atriovenricular synchrony. Hypoperfusion of the brain in AF patients has been shown to result in leukoaraiosis or white matter changes and impaired resolution of micro emboli from the vessels resulting in embolic infarctions. 15 Other potential mechanisms include augmentation of systemic inflammation in patients with AF, 16 genetic factors that increase AF and early thromboembolism, 17 and risk factors that drive AF that also increase risk of cognitive decline such as sleep apnea.
Limitations
This is an observational study that used a large healthcare database for the purpose of identifying relations and not causality. Additional prospective trials with the specific aim to examine cognitive decline as a function of warfarin therapy variability are required to solidify the association observed here and determine potential causality. This study relies on physicians to diagnose and document patient diseases with appropriate ICD-9 and -10 codes. We attempted to minimize mischaracterization of dementia by using only codes entered by neurology specialists. Despite this approach, there is risk of disease misclassification. In addition, patients with moderate cognitive decline or dementia are often not referred to neurology specialists. Regarding risk of cognitive dysfunction at warfarin initiation, an additional screen was provided by the CPAS clinic to determine if the patient was capable of reliably using the medication and attending serial follow-up testing; a limitation to consider in interpreting our results is the potential to miss subclinical dementia at the time of warfarin initiation. Also, patients who consent to receive careful management by our CPAS clinic and attend serial follow-up visits are a distinct group, which introduces a potential selection bias in the study population. The diagnosis of AF was made by using ICD-9 and -10 codes, a broad ECG database, and medical records, and we recognize that occurrences of AF in this study may be underreported because of the presence of subclinical events. However, with underestimation of AF rates in the non-AF group, we would anticipate that dementia rates, if anything, would have been overestimated. With our propensity analysis, we sought to control for the multiple risk factors that drive AF and its morbidities. However, since this was an observational trial without predefined collected variables known to convey risk of dementia, there is the possibility that unmeasured factors that were not accounted for in the propensity analysis can introduce bias into the measured outcomes. Finally, the associations were found in a retrospective design and as such causality cannot be established. Regardless, these findings should serve as background data for prospective trials that examine this topic.
Conclusion
The presence of AF significantly increases risk of dementia, including Alzheimer, compared with matched patients receiving warfarin anticoagulation for other reasons. However, quality and efficacy of anticoagulation management represented as percent TTR remain important risk factors for dementia in both AF and non-AF patients.
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